Enlarged pores treated with a combination of Q-switched and micropulsed 1064 nm Nd:YAG laser with and without topical carbon suspension: A simultaneous split-face trial. by �끂誘몃졊 & �젙湲곗뼇
181
available at www.jstage.jst.go.jp/browse/islsm ORIGINAL ARTICLES
Introduction
Enlarged or dilated pores, usually considered as an
aspect of photoaging in the literature, 1-6) are of signifi-
cant cosmetic concern in Asians. However, the number
of patients with enlarged pores who seek treatment
has increased recently and they are usually young
without any signs photodamage. A variety of different
treatments have been used for the reduction of pore
size, including intense pulsed light, 1,2) tazarotene
cream, 3) radiofrequency, 4) oral isotretinoin, 5) micro-
dermabrasion, 6) isotretinoin iontophoresis, 7) and gly-
colic acid peeling. 8) However, these reports did not
focus on pore size but regarded them simply as a com-
ponent of photoaging 1-6) or only partially mentioned
the reduction of pore size in the context of the
improvement of acne scarring. 7,8)
       The Q-switched Nd:YAG laser has been used in
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cosmetic laser dermatology for pigmented and vascular
lesions, and for the removal of tattoo or unwanted
hair, when used in combination with an exogenously
applied photoenhancer, namely a topical carbon sus-
pension. 9,10) In addition, it has been shown that the
1064 nm Q-switched Nd:YAG laser provided satisfacto-
ry clinical results in the treatment of periocular and
perioral rhytides. 9) Another clinical study using topical
carbon solution showed an improvement in post-acne
scarring and facial wrinkles. 11) At a meeting of the
American Society of Lasers in Medicine and Surgery
(ASLMS), Fujimoto reported that topical carbon suspen-
sion-assisted Nd:YAG laser treatment combining the
300 µm micropulse and Q-switched modes offered a
safe cosmetic method of improving skin texture, espe-
cially pore size reduction. 12) In a case report on the
combined modes of the Nd:YAG laser with a photoen-
hancer for active acne treatment, Chun and Calderhead
stated that pore size was also reduced in addition to
successful improvement of the acne lesions. 13)
However, neither of these studies used objective para-
meters to measure the pore size. The purpose of our
study was to evaluate the efficacy of a technique com-
bining the Q-switched and quasi long-pulsed Nd:YAG
laser modes in pore size reduction, with and without
an exogenous photoenhancer, but employing an objec-
tive measurement of pore size improvement in addi-
tion to the usual subjective methods.
METHODS
Patients
Twenty-five female volunteers with enlarged pores
were included in this study. Their mean age was 34.04
years, ranging from 25 to 44. The volunteers had
Fitzpatrick skin types III-IV. The whole face was treat-
ed with a dual mode 1064 nm Nd:YAG laser (SPEC-
TRA, Lutronic Corp., Goyang, South Korea), except for
the upper eyelids, eyebrows, and lips. Exclusion crite-
ria consisted of active herpes simplex or herpes zoster,
bacterial folliculitis, current use of isotretinoin, history
of keloid scarring, and photosensitivity disorders.
Informed consent was obtained from each patient prior
to participation for participation in the study and for
the use of clinical photography. The study was
approved by the Ethics Committee of Yonsei University
School of Medicine and carried out in accordance with
the principles of Good Clinical Practice (GCP) originat-
ing from the World Medical Association’s Declaration
of Helsinki.
Treatment
Preoperative skin preparation was performed with a
sheet type nose pack (Charcoal nose pack, Nesura,
Korea). Following a thorough face wash, the nose and
cheeks were left wet. With dry hands, a clear sheet of
film was then applied to the wet areas which adhered
completely, conforming to the contour of the areas.
The sheet was allowed to dry for about 20 minutes to
remove as many keratotic plugs from enlarged pores
as possible. After the removal of the sheet, a warm wet
towel was placed on the patient’s face for 1 minute to
open up the pores.
       Topical carbon suspension as a photoenhancer
was then applied to one half of the face (Method 1),
except the upper eyelid, eyebrow, and lips. Table 1
shows the components of the lotion. The photoen-
hancer was not applied to the other side (Method 2).
The carbon suspension was massaged into the skin
and left for 20 min to be absorbed. Excess solution
was then gently wiped away with a sheet of gauze.
       Laser treatment was then performed over both
sides of the face and nose with the dual mode 1064
nm Nd:YAG laser, offering both a micropulsed mode,
pulse width 300 µs and pulse fluence 2.3 J/cm², and a
Q-switched mode, pulse width 5 ns at the same pulse
fluence. Both modes were delivered through the same
7 mm collimated handpiece at a pulse repetition rate
of 10 Hz. Eyelids were protected with external plastic
shields. As the first step, laser treatment in one pass
was performed over the entire face in the micropulsed
mode, avoiding beam overlap as much as possible.
Then in the Q-switched mode multiple passes were
delivered with an overlap of around 10% - 20%. At this
high peak power setting the carbon particles literally
exploded, producing a clearly audible cracking or pop-
ping sound with each single shot until the carbon par-
ticles were completely removed and the popping
sound could no longer be heard. After the treatment,
the face was cooled down with cold compresses.
Patients were treated 5 times at a 3 week interval.
Item
Laboratory
FDA site reg. No
Description
Ingredients
Comment
Telsar, Wood River IL USA
1423368
Facial peel lotion (Part No Z-10102-90017)
Light mineral oil 
(Pariffinum liquidum, 90% by volume) 
Graphite (40 µm, 10% by volume) 
Table 1: Details of the carbon lotion photoenhancer
and source laboratory
Assessment
Photographs were taken using a digital camera
(CoolPix 990, Nikon, Japan) prior to each treatment
and 3 and 12 weeks after the last treatment. In addi-
tion, pictures of the nose and cheek surfaces were
taken with a dermoscope video camera (Coscam CCL-
205, Sometech Cosmetic, Korea) at a magnification of x
100 and at a fixed distance. Using the magnified
images, 30 to 40 randomly selected enlarged pores
from each side were measured with an image analysis
program (Simple PCIp®, Compix Inc., C-Imaging
Systems, PA, USA), using the program-calculated area
as an indicator of the pore size. Reduction in pore size
was classified under one of the following five cate-
gories: no improvement, 1-25%, 26-50%, 51-75%, or 76-
100%, and all the participants were rated at 3 and 12
weeks after the final treatment. Other parameters were
also checked: skin moisture content (hydration) with a
Corneometer (CM 820 PC, Courage-Khazaka, Köln,
Germany); sebum expression levels with a Sebumeter
(SM 815, Courage-Khazaka,); and degree of melanin
synthesis with a Mexameter 14) (MX-18, Courage-
Khazaka) at baseline, and at 3 and 12 weeks after the
last treatment. Subjects were asked to evaluate subjec-
tively the degree of change visible on their skin for
pore size reduction and state their preference of treat-
ment between Methods 1 and 2, as well as reporting
any adverse outcomes. At the 12-week assessment,
patients completed an anonymous satisfaction ques-
tionnaire in which they rated their perceived improve-
ment and satisfaction on a 1-5 scale (1, worse; 2, little
or no improvement; 3, mild improvement; 4, moderate
improvement; and 5, significant improvement).
Statistical analysis
ANOVA, ANCOVA, and paired t-tests were used to
compare pore size reduction, sebum production, pig-
mentation, and hydration at baseline, and at 3 and 12
weeks after the final treatment.
Results
Degree of improvement
Of the 25 subjects who participated in this study, 24
completed the series of treatments and five were
unavailable to answer the questionnaire 12 weeks after
the last treatment. Figure 1 illustrates the clinical find-
ings for both Methods in a representative subject who
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Fig. 1: Typical clinical photography in a subject whose results were rated as excellent. Significant visual improve-
ment in the pore size is seen for both methods before treatment (a) and 3 weeks after the final treatment
(b) using Method 1 (combined modes with enhancer); and before treatment (c) and 3 weeks after the final
treatment (d) using method 2 (combined modes, no enhancer). Note also the lower reflectance from the
cheek and nose in the posttreatment findings for both Methods, indicative of lowered sebum production.
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showed an excellent response. As can be seen in
Table 2, 75% of the subjects treated with method 1
(18/24) showed more than 50% improvement whereas
67% of the subjects treated with method 2 (16/24)
showed over 50% improvement. Figure 2a demon-
strates that a statistically significant (P<0.001) reduction
of pore size was achieved using method 1 three weeks
after the last treatment, but the pore size increased
somewhat 12 weeks after the last treatment. Although
the increase was statistically significant when com-
pared to the findings 3 weeks after the last treatment,
the maintenance of improvement was also significant
as compared to the pore sizes at baseline (P<0.05).
Method 2 also resulted in a similar pattern of statistical-
ly significant improvement and re-enlargement (Figure
2a). The pore size reduction tended to be greater on
the nose than the cheeks (Figure 3a, 3b).
Chung, HJ ET AL.
Rating
Improvement
76 - 100%
51 - 75%
26 - 50%
1 - 25%
No improvement
Total
Method 1
18 (75%)
2 (8%)
10 (42%)
5 (21%)
1 (4%)
6 (25%)
24 (100%)
Method 2
16 (67%)
4 (17%)
9 (38%)
2 (8%)
1 (4%)
8 (33%)
24 (100%)
Table 2: Comparison of improvement achieved by
Methods 1 and 2 at 3 weeks after last
treatment
Fig. 2: Decrease in mean pore size compared between Method 1 and Method 2. a: Measurement of
mean pore size (based on the image analysis program-computes pore area as described in
the text) before treatment, and at 3 and 12 weeks after final treatment using Method 1. b:
Measurement of pore size before treatment, and at 3 and 12 weeks after the final treatment
using Method 2.
Fig. 3: Grade of improvement at 3 weeks compared between Method 1 (a) and Method 2 (b).
Comparison of the two methods
When the two methods were compared, Method 1
showed more improvement than method 2 at 3 weeks
after the last treatment, but neither could maintain the
level of improvement until 12 weeks after the final
treatment (Figure 4), although the level of improve-
ment at the 12-week assessment was still significantly
better in both modes than at baseline.
Mexameter, Corneometer, and Sebumeter mea-
surements
M (Melanin) and E (Erythema) values measured by the
Mexameter did not show any difference before and
after the treatment for either method. However, sebum
production after both treatments decreased significant-
ly. Furthermore, unlike pore size, sebum production 12
weeks after the last treatment was less than 3 weeks
after the last treatment (Figure 5). Corneometer read-
ings for areas treated with both Method 1 and 2
showed a statistically significant decrease 12 weeks
after the last treatment compared to before the treat-
ment. However, no decrease was observed 3 weeks
after the last treatment.
Patient Satisfaction
Upon being asked which treatment they preferred, tak-
ing into account overall effectiveness and discomfort,
at 3 weeks after the last treatment, 23 subjects (95.8%)
reported at least a mild improvement (Figure 5).
Twenty-two subjects (91.7%) reported they would rec-
ommend this treatment to others. Twenty of the 24
subjects (83%) stated a preference for the carbon sus-
pension-assisted method (Method 1), while the remain-
ing subjects (17%) stated that both methods seemed to
have the same degree of improvement.
Complications
Whereas immediate erythema and swelling were com-
mon on the side treated with Method 1, these condi-
tions generally resolved within 12-48 hours after the
treatment. Mild desquamation developed 3 days after
the treatment and resolved within 7 days. These side
effects were so mild that subjects did not experience
any limitations in their daily work or social activities.
Seven subjects reported transient vesicle formation on
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Fig. 5: Patient satisfaction evaluated at 3 and 12
weeks after the final treatment.
Fig. 4: a: Measurement of pore size at baseline, 3 and 12 weeks after the final treatment comparing
Method 1 and Method 2. b: Sebum levels compared for Methods 1 and 2 measured with a
Sebumeter at baseline, 3 and 12 weeks after the final treatment.
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the side treated with Method 1. Folliculitis developed
in three patients and aggravation of the pre-existing
melasma occurred in one subject, but they were
observed on both sides, independent of the treatment
methods.
DISCUSSION
Recent economic development has increased the num-
ber of people who desire cosmetic procedures for bet-
ter appearance and enlarged facial pores are one of
the most common cosmetic problems in Asian adults.
However, previous reports regarded enlarged pores as
a phenomenon of photoaging 1-6) and some reports
briefly mentioned the pore size reduction effect while
focusing on the acne scar treatment. 7,8) Admittedly,
enlarged pores are one manifestation of photoaging.
Solar elastotic collagen damage produces a sallow skin
tone, dilated pore structure, crepe-paper like inelastici-
ty of the eyelids and rhytids. 15) However, patients with
enlarged pores do not always have other photoaging
phenotypes, such as pigmented lesions, vascular
lesions, or rhytides. In general, Korean women are
reluctant to expose themselves to sunlight due to easy
development of melasma and, therefore, severe photo-
damage in the younger population is a rarity. Our sub-
jects were all in the younger age groups with no evi-
dent manifestations of photodamage. This study was
intended to objectively investigate the efficacy of a
new application of a combination of the Q-switched
and micropulsed Nd:YAG laser for the treatment of
enlarged pores. We took pictures at magnification x
100 with a dermoscopic video camera and then mea-
sured and analyzed the areas of 30 to 40 randomly
selected enlarged pores from each side with an image
analysis program. To validate the accuracy of this
method, we measured pores of 20 patients who did
not receive any treatment and measured pore sizes 4
times in 2-weeks interval. There was no statistical dif-
ference in the baseline pore size among the 4 measure-
ments (p<0.05, data not shown).
       Two treatment methods, one with and one with-
out topical carbon suspension, were used. The results
showed that both methods were very effective overall,
showing a significant reduction of pore size in about
70% of the subjects. Our results also showed that using
topical carbon suspension was more effective in reduc-
ing the pore size, and the majority of the participants
also preferred using it. The pulse fluence of 2.3 J/cm²
for both Methods 1 and 2 used in this study was the
maximally tolerable dose without causing an actual
burn. The order of treatment deserves comment. Under
normal circumstances, it would make photobiological
sense to start with the 3 ns Q-switched mode and fol-
low with the 300 µs micropulsed mode, the former
having its greatest photothermal effect on the epider-
mis and very superficial dermis, and the latter in the
deeper dermis. However, we were comparing the com-
bination with and without a carbon lotion photoen-
hancer, and as was shown in the previous studies
employing such an enhancer with a Q-switched beam,
9-13) the 3 ns beam removed the carbon particles com-
pletely. Moreover, the micropulsed beam had its pene-
tration limited by the presence of the photoenhancer,
but left it intact on the stratum corneum. Thus we
applied the micropulsed beam first, followed by the Q-
switched beam in both arms of the study as the study
was in fact comparing the effect with and without the
carbon particles, so we needed to retain the same
order for both arms.
       Although all subjects experienced erythema and
desquamation, recovery occurred within a week and
the conditions were mild so as not to disrupt everyday
life. However, due to the hemifacial nature of this
study, the nasal tip was prone to overlapping laser
beams from the two modes which occasionally result-
ed in blisters. In a subject with melasma, careful adjust-
ment of the laser fluence is needed as melasma can be
aggravated, which happened in one of our subjects.
Overall, a series of laser treatments using the combined
modes with and without the carbon lotion photoen-
hancer is safe and readily tolerated by subjects with
minimal adverse effects, minimal downtime, and no
risk of scarring.
       Though the exact mechanism of the effect of the
laser is not clear, the mechanism of method 1 is
assumed to be as follows. The Nd:YAG laser at 1064
nm has no specific really strong chromophore in the
skin although the major absorptive chromophore in the
epidermis is melanin, which weakly absorbs laser ener-
gy at this wavelength. The topical carbon suspension
contains purified carbon particles in a base of mineral
oil and it serves as an exogenous artificial chro-
mophore, or photoenhancer. 13) Nd:YAG laser light has
been shown to be strongly absorbed by carbon in con-
trast to other cutaneous chromophores such as
melanin. 10) When carbon suspension is applied and
excess solution is wiped away, the remaining carbon
particles remain as thin film on the stratum corneum
and larger numbers are lodged in the enlarged pores.
At the Q-switched setting used in the present study,
the peak irradiance per pulse was 520 MW/cm², giving
an extremely peak power per pulse of around 200
MW. When carbon particles absorb high peak powers
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of laser energy in an ultrashort pulse such as 5 ns with
very high photon intensity in the MW/cm² range, they
undergo a rapid temperature rise with radiant head-
mediated explosive destruction: the particles are literal-
ly blasted off the skin, thereby generating kinetic ener-
gy which damages the stratum corneum, the pore walls
and surrounding structures, resulting in general fresh-
ening of the skin and tightening of the pores. This pro-
posed mechanism is identical to previous reports, in
which unwanted hairs were removed with an Nd:YAG
laser used with a topical carbon suspension as a pho-
toenhancer. 10,20) In addition, in the present study
sebum levels also significantly decreased after laser
treatment and this effect was more prominent in the
area treated by Method 1. However, Method 2 also
showed good efficacy and effective decrease in sebum
production but the mechanism of this direct photother-
mal effect of laser on the pore size reduction and
sebum production remains to be fully elucidated As
mentioned before, the micropulsed mode of the 1064-
nm Nd:YAG laser has been used clinically to improve
rhytid formation. 9) Histological evaluation of the effect
of this laser revealed that collagen formation occurred
at the level of the reticular dermis. 16) Other reports
evaluating Q-switched Nd:YAG laser treatment showed
slight fibrosis in the superficial papillary dermis with
unremarkable epidermal changes. 17) Recently,
Schmults et al. reported that microsecond Nd:YAG
lasers, with an identical pulse duration to the
micropulsed Nd:YAG laser mode in the present study,
could also produce new collagen formation in the pap-
illary dermis. 18) No previous reports mentioned
changes in or around the hair follicles. Therefore, we
suggest that collagen formation in the reticular dermis
or superficial papillary dermis could shrink pores,
especially due to perifollicular collagen formation.
Further investigation to confirm this effect using histo-
logic study is needed. One limitation of the present
study is that we did not perform any histopathological
analysis.
       We combined the micropulsed and the Q-
switched modes of the Nd:YAG laser instead of using
either mode in monotherapy, because we thought the
combination treatment would result in more improve-
ment. The pulse duration of quasi long-pulsed Nd:YAG
laser was 300 µsec, whereas that of Q-switched
Nd:YAG laser was 5 nsec. As two different pulse dura-
tions were used, the reaction of surrounding tissue was
thought to be different for each sequential mode. Chun
and Calderhead postulated a purely photothermal
effect occurred in the micropulsed mode, especially
with the addition of the photoenhancer, with formation
of heat shock proteins in the deeper dermis. This was
followed by a pure explosive radiant heat effect with
photoacoustic and photoosmotic reactions inducing
mild damage at the stratum corneum and pore walls.
13)
       Chryslain et al reported that dermal coagulation
depth was linearly related to the function of pulse
duration. 17) Therefore, we assumed that the
micropulsed laser beam might react with deeper der-
mis and the Q-switched laser beam might react with
the more superficial dermis. In addition, we suggest an
association between the size of the carbon particles as
exogenous chromophores and the pulse duration of
the laser. Due to the thermal relaxation time, the
micropulsed laser beam causes a secondary photother-
mal effect conducted from the heated, but intact, car-
bon particles into the deeper dermis, whereas the Q-
switched mode causes explosion and complete clear-
ance of the carbon particles. Accordingly, the synergy
of the two different mechanisms was thought to
increase the efficacy of the combination treatment.
       Though it is not known whether additional treat-
ments beyond the five described in this study would
produce substantially greater results, our results sug-
gest that some form of maintenance therapy would be
desirable, since the pore size at 12 weeks was larger
than at 3 weeks after the last treatment, although still
smaller than at baseline.
CONCLUSIONS
Based on this pilot study, we have determined that the
combination of the micropulsed and Q-switched
modes of the 1064 nm Nd:YAG laser was safe and
effective in reducing the size of enlarged pores, and
the use of a topical carbon suspension as a photoen-
hancer augmented the effect of the laser.
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